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(54) Infrared shielded capacitor 

(57) A plastic film capacitor (12) has a shield (10) 
secured to an outer surface of it. The shield (10) is suf- 
ficient to protect the plastic film capacitor (12) from ex- 
cessive radiant infrared energy during infrared reflow 
soldering which would otherwise damage the plastic film 
capacitor (12). The plastic film capacitor shield (10) can 
be composed of many different materials such as elec- 
trical grade tape, electrical grade plastic, metal tape, or 
epoxy. The shield (10) can be attached to the capacitor 



(1 2) in various ways, this includes: 

securing a shield to an upper surface of the ca- 
pacitor having a shield on an upper and lower surface 
of the capacitor; 

wrapping and securing a shield to the plastic film 
capacitor on four sides of the capacitor; 

securing a shield on all sides of the capacitor; and, 

securing a combination of different shields to the 
outer surface of the capacitor. 
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The present invention relates generally to a means by which components, and in particular plastic film capacitors 

The primary means of attaching components to a printed circuit board has been to have holes constructed into 
Z kITh !T TT* WhiCh ' eadS °' the com P° nen,s could be placed and solder applied on he boTom SL S 

^ Another method of attaching components to printed circuit boards is using surface mounting technioues wherein 
ether the component is lead.ess or its leads are formed so that the component can be f r^S^lSSTn^SS 
techniques better automate the attachment of components to printed circuit boards since ^^T^ZS^S 

b^?H WH COmP ° rf nentS ,0 dfCUit b ° ard fedUCe ,hS amoun ' of area th * needs to be uiZTiSSSS 
^n'^r SU ? Ce T? iS tyPiCa " y appHed 35 a r °° m ^perature solder paste into «JSSe ex- 

ponent s terminate are placed and the board is then heated to a temperature at which the solder «WwM reflow as 
liquid solder, thereby attaching the components to the printed circuit board 

The four typical methods by which reflow heat can be applied to a printed circuit board on a products basis are. 

« L° retSth^^sr * *' ^ " ^ ^ ^ <"* ^ b * -^tion 

h^TL PhaSe " 3 T" 1 ^ ' iqUid mate ' ial iS va P° rized - the P""ted circuit board is placed in the vapor the latent 
£ ^7^?^!^ SOld - »~ «° — - - -Por in Lsf erring 

- l c ™ ^rsLsr jess jusl air - but sometimes ^ is 9entiy — «- - - — *■* 

4. Infrared - radiant infrared energy is directed at the printed circuit board and the solder paste is reflowed. 

nrJ^IlT **" 'ST*- °' mOUntin 9 Com P onents - the in '^red reflow method offers the highest volume 

production capab.hty wrth respect to the cost of the equipment involved 

k disadvan,a 9 e in usin 9 infrared ^flow is that when components, such as plastic film capacitors are 

2? 2 2^ If ' "'I 9 ' 31 ,6VelS b6in9 USSd ,0 ref ' OW SOlder ° n > rinted cir <^ boards th^ components 

wtf I absorb ^excessive amounts of energy to such a degree as to physically damage the components thereby causl 

the circuit board to work .mproperly. This has forced the necessity of mounting such components ir a po^assJmblv 

operate with the soldering being accomplished by conduction or convection heating P * 

tvoi^v^nhp^Tn °' USin9 in ' rared ref ' OW W " h Plas,ic film ca P acitors is that the '"'rared radiant energy will 
yp.cally heat the plastic film capacitors much faster than the joints that are to be soldered. The major reason foJ this 
is the higher absorptivity o, the plastic fi.m capacitor as compared with the materials forming the joint such as copped 

, «,i T "f V ^ deVi ° eS h3Ve been devel °Ped to protect electronic components from excessive heat 

TSSSHS r I"" 11 enef9y dUrin9 inffared S ° ,derin9 ref,OW ° ne method ^sxs us^reSv Tmet2 
hzed polymenc caps for placement over thermally sensitive components, thereby providing thermal insula t onto Se 
components and reflecting part of the infrared radiation away from the components 

Tho A "° thar mathod su 99 ests usin 9 a s hroud that is made of molded high temperature plastic with a metal outer laver 

St I" ° V6r T COmPOnen, C3n bB Snapp6d m -Snapped' ofl the circuiTb^rd ^ 
St.. another method shown in U.S. Patent No. 4,838,475 discloses placing a metal box like structure over and 
around the component to be shielded. The metal box has a plurality of apertures formed therein to enabTe som Hnf ared 

from P are "°! C ° Sl effeCUVe SinCe addi,i0na ' S,6PS WOUld be ' e ^ ired in attaching and removing the cove^ 
S.1 th b0a f rd h be,Ore and after reftow solde rin 9 . Also, additional space would be required on the e'eurt board 

of Tc *::ZT 66 a,taCh6d ' th6reby rCqUirin9 3 SPeCia ' d6Si9n for « he CirCUit board a " d «*> creasing theS 

According to this invention a plastic film capacitor has secured to its outer surface a shield said shield beino 

srisrrss szrssr- raa * m — — — 
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The plastic film capacitor shield may be made from a material selected f rom the group consisting of electrical grade 
tape, electrical grade plastic, metal tape, and epoxy. 

When the plastic film capacitor is of a box type configuration having six sides, and the shield may be secured to 
an upper surface of the plastic film capacitor. Various different types of shields can also be used and attached to the 
capacitor, this would include: having a shield on an upper and lower surface thereof; wrapping and securing a shield 
to the plastic film capacitor on four sides thereof; securing a shield on all six sides of the capacitor; and securing a 
combination of different shields to the outer surface of the capacitor. 

According to another aspect of this invention a method of reflow soldering a plastic film capacitor to a substrate 
with infrared energy, comprises securing a capacitor shield to an outer surface of said plastic film capacitor; 

positioning said plastic film capacitor with said capacitor shield on said substrate; and, 

exposing said plastic film capacitor with said capacitor shield to infrared energy, such that said infrared energy is 
substantially reflected away from said plastic film capacitor by said capacitor shield and said infrared energy causes 
said plastic film capacitor to be reflow soldered to said substrate. 

Prelerred embodiments of the present invention will now be described with reference to the accompanying draw- 
ings; in which:- 

FIG. 1 is an enlarged perspective view of how my infrared shielding device is placed on a capacitor; 
20 FIG. 2 is an enlarged perspective view of one embodimenl of my infrared shielding device embodying important 

features of my invention; 

FIG. 3 is an enlarged perspective view of another embodiment of my infrared shielding device; 
FIG. 4 is an enlarged perspective view of yet another embodiment of my infrared shielding device; 
FIG. 5 is an enlarged perspective view of a further embodiment of my infrared shielding device; and 
25 FIG. 6 is an enlarged perspective view of another embodiment of my infrared shielding device embodying important 

features of my invention. 

The heat produced by radiant infrared energy is directly proportional to the exposed surface area of the component 
that is being radiated. The simplest way of protecting a component from thermal damage is to reduce the exposed 
30 area. Since the components themselves cannot be reduced in size, the amount of surface area that will absorb the 
radiant infrared energy must be reduced to protect components from thermal damage. This can be done by using 
materials with either high reflectivity and/or bw absorptivity to infrared frequencies (X > 7.8 x 10" 5 cm). A variety of 
materials can be used as the shield material. These materials can range from light colored plastics to highly reflective 
metals. 

35 The concept behind the shield is to reduce the amount of exposed area on the component which would absorb 

the radiant infrared energy and thereby increase the component's internal temperature. The amount of protection nec- 
essary would be dependent on the frequency and duration of the radiant energy exposure. This means that the pro- 
tection can be implemented from a simple decal placed on top of the component (reducing the exposed area by one- 
third) to totally wrapping the body of the component in shielding material (reducing the exposed area by over one-half). 

40 Another way of protecting components from excessive heat due to infrared radiation is to increase the thermal mass 
of the component by placing a coating having a low absorptivity to infrared energy on the component. 

Although on the opposite end of the frequency spectrum, the premise behind this invention is analogous to the 
use of sun screen (block) to prevent damage caused by ultra violet radiation from the sun. While materials such as 
zinc oxide are used in sun screen, highly reflective and/or low absorptivity materials such as bright aluminum or titanium 

45 dioxide (white pigment material) can be used to shield against infrared radiation. Just as different levels ot protection 
are required with sun screen, so too are different levels of infrared shielding based on the thermal mass of both the 
circuit board and the component being protected as well as the wavelength of the infrared radiation and the exposure 
duration. Infrared reflow soldering ovens vary in the amount of time and temperature used to reflow circuit boards, 
therefore various amounts of protection can be used to protect components from the rigors of infrared reflow soldering. 

so Examples of the types of shielding that can be used, in increasing order of shielding effectivity are: 

1. Blue conformal coating, 20-40 mils (0.5-1. 0mm) in thickness. 

2. Gold conformal coating, 20-40 mils (0.5-1. 0mm) in thickness (ferrous oxide used as the pigment). 

3. White electrical grade tape, I mil (25pm) in thickness (titanium dioxide typically used as the pigment). 

55 4. White electrical grade plastic, 3-10 mils (75u.m-0.25mm) in thickness (titanium dioxide typically used as the 

pigment). 

5. Bright aluminium tape, 0.5 to 2 mils (12-50u.m) in thickness. 
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Excellent results are obtained when the blue and gold conformal coatings specified above are epoxy. The epoxy can 
be applied to the components using a reflowed powder. The conformal coating placed on the component provides a 
lower absorption to infrared energy and also helps to reflect infrared energy from the component. The infrared energy 
is reflected away from the component more when the epoxy is lighter in color. A ferrous oxide is typically used to color 
he gold epoxy. The increased thermal mass of the component also helps to distribute the infrared energy throughout 
the component and the conformal coating, thereby decreasing the amount of heat that is passed to the component itself 
The white electrical grade tape and the white electrical grade plastic specified above helps to reflect infrared energy 
away from the component. Titanium dioxide is typically used as the pigment. This pigment further helps reflect radiant 
infrared energy from the components. A 1 mil (25um) thickness of the white tape and a 3-10 mil (75um - 0 25 mm) 
thickness of the white plastic is sufficient to help protect components from excessive thermal damage due to radiant 
infrared energy. The white tape and the white plastic can be thinner or thicker than described above, however they 
must be thcker than the wavelength of the infrared energy used (i.e. X > 7.8 x10* cm) in order to shield and reflect 
infrared energy away from the capacitor. Excellent results are also obtained when Ihe white electrical grade plastic 
specified above is a plastic sold under the trade name "VSalox" by General Electric 

,k br | 9ht aluminum tape P rovid es the best protection since it can reflect more infrared energy from the component 
than the other shields. Many other metals can also be used as shields such as copper, tin, silver, etc , however bnqht 
aluminum tape is commercially available and is also cost effective ' 

Tables I and II below are comparison tests done on unshielded and shielded capacitors that have undergone 
in tared solder reflow. It can be seen that the shielded capacitors maintain a much higher insulation resistance after 
infrared reflow soldering than the unshielded capacitors. 
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Capacitor Shielded With Aluminum Tape. 





Unshiek 


Jed Sample Averages 


Shielded Sample Averages 


Initial 


Final 


%A 


Initial 


Final 


%A 


|| Capacitance Value 


0.4450 


0.3885 


-12.70% 


0.4535 


0.4416 


-2.62 


|| Percent Dissipation Factor 


0515 


0.515 


0.00% 


0 520 


0.530 


1.92% 


|| Insulation Resistance 


47,500 


25,500 


-46.32% 


30 : 000 


29,000 


-3.33% 
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Table II. 





Unshiek 


Jed Sample Averages 


Shielded Sample Averages 


Initial 


Final 


%A 


Initial 


Final 


%A 


Capacitance Value 


0.09451 


0.09302 


-1.58% 


0.09346 


0.09340 


-0.06% 


Percent Dissipation Factor 


0.432 


0.412 


-4.63 


0.413 


0.396 


-4.12% 


Insulation Resistance | 


60,4000 


28,569 


-52.70% 


71 : 600 


65,500 


-8.38% 



Referring now to the drawings. FIGS. 1 and 2 show my new and improved infrared shielding device 1 0 on a plastic 
film chip capacitor 12. FIG. 1 further illustrates how my shield 10 is wrapped around a body of a plastic film chip 
capacrtor. The shield 10 can be secured to the plastic film capacitor 12 using an adhesive. Many different kinds of 
adhesives could be used such as silicone, acrylic or rubber. If the shield is made of an electrically conductive material 
such as aluminum, it is essential that the shield 10 is wrapped on top of the plastic film portion 14 (or non-conductive 
portion) of the capacrtor 1 2 and is not touching the terminals 1 6, 1 8 or the leads 20. 22 of the capacitor since this may 
cause the capacrtor to short out. Using a nonKX>nductive adhesive on the shield would help prevent shorting of the 
capacitor if the shield was touching the opposing terminals on the capacitor 

FIG.3 illustrates another way of shielding a capacitor. The capacitor 30 is wrapped and adhesively secured with 
a sh.eld 32 on at least three sides, and a second shield 34 is adhesively secured to cover the remaining unshielded 
sides, thereby providing a protective shield on all six sides of the plastic film chip capacitor 30. If the shield is made of 
an electrically conductive material, it is essential that the shields 32.34 do not touch the leads 36.38 of the capacitor 
30 or any other electrically conductive part of the capacitor since this may cause the capacitor to work improperly. It 
is possible to have a single shield specifically cut to size that would cover all six sides of the capacitor however this 
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may not be cost effective. 

FIG. 4 illustrates yet another way of shielding a capacitor. The plastic film capacitor 40 has a shield 42 adhesively 
attached only to the top surface of the capacitor. If the shield is an electrically conductive material, then it is necessary 
that the shield 42 is positioned in such a manner that it cannot short out the capacitor 40. 

Another method of shielding a capacitor is illustrated in FIG .5. The plastic film chip capacitor 50 having two terminal 
ends 52, 54 without leads is shielded with a white electrical grade plastic 56,58 on opposing sides of the capacitor 50. 
The plastic 56,58 is positioned is positioned in between the terminal ends 52, 54 of the capacitor 50. Excellent results 
are obtained when the plastic 56,58 is laminated to the sides of the capacitor. 

Still another method of shielding a capacitor from radiant infrared energy is shown in FIG. 6. The plastic film 
capacitor 60 having opposing leads 61, 63 is coated with epoxy 62 on five sides thereof to provide a shield. The 
capacitor 60 can further include an additional shield 64, such as a white electrical grade tape, secured to the sixth 
unshielded side of the capacitor, thereby shielding all six sides of the capacitor. 

Shielding ail six sides of the capacitor provides the greatest protection during infrared solder reflow. Even though 
the bottom side of the capacitor may not be directly exposed to the radiant infrared energy, it can be exposed to radiant 
infrared energy that is reflected from the circuit board and/or components on the circuit board. 

The shielded capacitors illustrated in the figures can be with or without leads depending on their required applica- 
tion. Additionally, the shielded capacitor can be of a chip type construction or of a rolled or wound type construction. 
It is preferred to use the described shielding devices and methods on a chip type capacitor, however, excellent results 
can also be obtained by using the described shielding devices and methods on a rolled or wound type capacitor. 

Once the plastic film capacitor has been shielded, the capacitor can then be placed on a printed circuit board and 
exposed with radiant infrared energy to attach the capacitor to the circuit board using reflow soldering. 



Claims 

1. A plastic film capacitor (12) having secured to its outer surface a shield (10), said shield (10) being sufficient to 
protect said plastic film capacitor (12) from excessive radiant infrared energy during infrared reflow soldering which 
would otherwise damage the plastic film capacitor (12). 

2. A plastic film capacitor according to claim 1, wherein the plastic film capacitor shield (10) is a tape. 

3. A plastic film capacitor according to claim 2, wherein said tape (10) contains titanium dioxide and is white in color. 

4. A plastic film capacitor according to claim 2, wherein said tape is metallic and is preferably bright aluminium. 

5. A plastic film capacitor according to claim 1 , wherein said shield is an epoxy (62) which preferably contains ferrous 
oxide. 

6. . A plastic film capacitor according to any one of the preceding claims, wherein said plastic film capacitor (12) is a 

chip capacitor 

7. A plastic film capacitor according to any one of the preceding claims, wherein said plastic film capacitor (1 2) has 
a box type configuration having six sides, and said shield (10) is secured to an upper surface of the plastic film 
capacitor (12). 

8. A plastic film capacitor according to claim 7, wherein said shield (10) is secured to an upper and a lower surface 
of the plastic film capacitor (12). 

9. A plastic film capacitor according to claim 7 or 8, wherein said shield is wrapped around and secured to the plastic 
film capacitor (12) on four sides in addition to the upper surface. 

1 0. A method of reflow soldering a plastic film capacitor (1 2) to a substrate with infrared energy, the method comprising: 

securing a capacitor shield (10) to an outer surface of said plastic film capacitor (12) ; 
positioning said plastic film capacitor (12) with said capacitor shield (10) on said substrate; and, 
exposing said plastic film capacitor ( 1 2) with said capacitor shield (1 0) to infrared energy, such that said infrared 
energy is substantially reflected away from said plastic film capacitor (12) by said capacitor shield (10) and 
said infrared energy causes said plastic film capacitor (12) to be reflow soldered to said substrate. 
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